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There are two methods of free grafting of a  gland:  the transplanta- 
tion  of pieces  of tissue,  and  the  transplantation  of the  whole  organ 
with  anastomosis  of its blood vessels to  those of the same person or 
of another person.  In  1892  von Eiselsberg transplanted  the thyroid 
gland  in  a  cat.  He  removed half  of  the  gland  and  transplanted  it 
into  the  abdominal  wall:  Several  weeks  later  he  extirpated  the 
other half of the gland.  The animal remained in good condition but 
died  when  the  transplanted  thyroid was  removed.  Since  that  time 
many  instances  of  thyroid  grafting,  both  experimental  and  clinical, 
have  been  reported,  and  it  has  been  shown  that  thyroid  grafts  in 
animals  take  and funbtionate. 
Fairly  effective  results  were  obtained  by  Crlstiani  (1904, 1906) after trans- 
plantation  of thyroid tissue in the subcutaneous cellular tissue,  by Payr (1906) 
after  transplantation in  the spleen,  and by Kocher after transplantation in the 
bone marrow.  On  the  other hand, there are also many reports of negative re- 
suits.  Enderlen considered the  functional activity of transplanted thyroid lim- 
ited and temporary, as a consequence of his experiments  in which cats and  dogs 
died even after a period of 6 months.  Bircher, Leichner and K6hler, Stieda, and 
others implanted thyroid gland into the subcutaneous tissue or bone marrow of pa- 
tients, with no permanent improvement.  In  1914 von Eiselsberg reported the 
transplantation of thyroid and parathyroid in man.  It seemed to him at first that 
the grafting was effective, but all efforts finally proved unavailing.  He believes 
that the function of the transplanted pieces of glands is probably only temporary. 
The development of vascular surgery has made it possible to transplant whole 
organs with their related vessels.  In  1905 Carrel and  Guthrie extirpated the 
thyroid gland  of a  dog, placed it in  isotonic  salt  solution for  a  few  minutes, 
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and replaced it into the neck, anastomosing the blood vessels but with reversal 
of the circulation.  The arterial blood entered the gland through the thyroid vein 
and the venous blood flowed from the gland to the jugular vein through the thy- 
roid artery.  11 days after the operation an exploratory opening of the neck was 
made.  The  color and  consistency of the gland were normal.  8  months  after 
the operation the gland was normal in size and consistency.  Later, Carrel (1909) 
extirpated a  large parenchymatous goiter in a  dog and replanted it.  He then 
cut transversely the common carotid and  united its central end  to the periph- 
eral  end of  the internal jugular.  The  central  end of  the  jugular was sutured 
to the peripheral end of the carotid.  The size of the gland increased enormously. 
At the same time, clear fluid exuded from the surface of the gland but diminished 
and stopped completely after more than a week. 
Stich and Makkas performed a  series of thyroid transplantations.  After the 
dissection of the upper thyroid artery to the point of its departure from the com- 
mon carotid, they resected a rhomboid flap of the carotid in connection with the 
thyroid artery and inserted it in the corresponding hole of the other carotid.  The 
internal jugular vein was cut transversely just beneath its union with the lower 
thyroid vein, and sutured with the external jugular vein by end to side or end to 
end anastomosis.  At the same time the other half of the gland was extirpated 
to  obtain,  immediately, sufficient  function  for  the  transplanted  thyroid.  Of 
three autoplastic transplantations, two were positive; that is, 51  and  245  days 
respectively after  the operation  the circulation was intact and  the gland, both 
macroscopically and microscopically, was normal. 
The gland was transplanted seven times homoplastically, but no positive result 
was obtained.  An obstruction was almost always found at the point of the'ven- 
ous anastomosis, which brought about necrosis and reabsorption of the gland. 
Borst and Enderlen similarly transplanted the thyroid of dogs and goats.  Their 
method differed somewhat from  the procedure employed by Stich and Makkas 
in that they used, for the grafting of the thyroid artery, the complete segment 
of the carotid with the thyroid artery.  In seven instances they extirpated the 
thyroid and replanted it in the same animal.  In two of the seven animals (20 
and 122  days after operation) the glands were in  good condition.  In the other 
animals  necrosis,  hemorrhagic  infarct,  degenerative metamorphosis,  etc.,  took 
place, due to the thrombosis of the thyroid vein.  They attempted homoplastic 
transplantation seven times (in dogs and goats), but none was successful.  They 
also attempted in three instances to transplant the thyroid from man to man by 
the employment of blood vessel sutures.  The upper pole of the gland was trans- 
planted into the axilla or the elbow.  The results in every case were fruitless. 
Goodman also investigated this problem.  He made a  biterminal suture of a 
segment of the attached carotid of the severed vessel of the host, and an end to 
end suture of the thyroid vein with the central end of the external jugular of the 
opposite side.  He  performed three  autoplastic and  twenty-seven homoplastic 
transplantations, and observed them from 24 hours to 112  days after the opera- 
tion.  In autoplastic transplantation he succeeded in two  instances  (the  dura- I~.  ICAWAmmA  47 
tion  of  life  was  4  and  23 days respectively)  in retaining the thyroid gland in 
its normal state;  while in homoplastic transplantation the gland remained in- 
tact for a short time only, and then showed  evidence  of absorption. 
The results of the investigations with regard to thyroid transplanta- 
tion as  reviewed in the literature did not seem uniform and we were 
therefore induced to investigate the problemf urther.  We chose for 
our  experiments  the  transplantation  of  the  gland  through  blood 
vessel sutures because of the favorable restoration of the circulation 
of the gland by this method. 
EXPERIM'ENTAL. 
All the experiments were performed on dogs.  Since the relation 
of the thyroid to its vessels in the dog is different from that in man, 
before describing the technique it may be  well briefly to  note this 
difference.  In a  dog the glands are spindle-shaped, situated beside 
and  beneath  the  larynx,  usually  separated  from  each  other,  and 
more or less covered with muscle.  The dog, especially the  bulldog, 
has a relatively large thyroid, which is not always proportional to the 
size of the animal;  a  small dog may have remarkably large glands 
due to the development of the so called colloid goiter.  The arterial 
blood reaches the  gland mMnly through the superior thyroid artery, 
which arises  from the common carotid  and enters  the gland at  its 
upper pole after having made an upward convex curve.  Very rarely 
this artery enters the gland near its middle and ramifies with many 
branches.  The inferior thyroid artery is very small; accordingly it 
may usually be ignored in the transplantation of the thyroid.  The 
venous blood flows out through two veins, the superior and inferior 
thyroid veins.  The superior thyroid vein leaves  the upper pole of 
the gland and empties into the internal jugular vein, w~hile the in- 
ferior  thyroid vein,  consisting of  two stems,  opens  into  the  same 
vein further down.  The diameter of the superior thyroid artery and 
thyroid veins is scarcely greater than 1.5  to  2.5  mm.  It is,  there- 
fore, almost impossible to anastomose these vessels. 
The operation was performed under intratracheal ether anesthesia. 
The Carrel (1907)  technique of blood vessel suturing was employed, 
and special attention was paid to rigid asepsis.  A longitudinal median 48  OI~GA~ TRANSPLANTATION.  I 
incision was made in the neck and the superficial mugcles Were sepa- 
rated.  The thyroid gland was dissected from the surrounding tissue, 
the  superior  thyroid artery and  superior and inferior thyroid veins 
being left intact.  In most instances  the gland was extirpated with 
a  portion of the internal jugular vein and a  segment of the common 
carotid  artery,  connecting the  thyroid veins  and  the  superior  thy- 
roid artery respectively.  The gland was immediately wrapped in  a 
sponge saturated with warm salt solution.  After a  few minutes the 
gland was transplanted to the other side of the neck of the same dog, 
or  into  the  neck of another dog,  where the  thyroid had  been pre- 
viously removed.  The segment of common carotid was inserted in 
the place of the other below the point of outlet of the thyroid artery. 
The peripheral end of the internal jugular vein was united to the cen- 
tral end of the internal or external jugular vein of the recipient by 
end  to  end  anastomosis.  In  one  case  the gland  with  a  rhomboid 
flap of fhe carotid at the point of outlet of the superior thyroid artery 
was removed (Stich's so called patching method) and replaced in the 
wound in the neck.  In two animals the peripheral end of the inter- 
nal jugular vein .was  united to the wall of the external jugular vein 
(end to side).  Moreover, in two cases, after resection of half of the 
spleen, the thyroid was transplanted to the splenic vessels of the same 
animal.  In these instances the superior thyroid artery was sutured to 
the splenic artery, and the internal jugular vein to the splenic vein 
by end to  end anastomosis.  The  time required for the extirpation 
of the gland and its complete transplantation was usually from 1 to 2 
hours.  The clamp on the vein was removed first and then that on 
the  artery.  As  soon  as  the  clamps were unfastened the  gland  be- 
came normal in color; it was somewhat distended.  Several days after 
the operation the wounds were opened and the condition of the trans- 
planted  thyroid  gland  was  examined.  As  a  rule,  if  the  gland  ap- 
peared  normal  the  other  intact  thyroid  was  fixed  in  10  per  cent 
formaldehyde for microscopic examination. 
Both  autotransplants  and  homotransplants  of  the  gland  were 
made, as shown in Table I.  A  total of eight autoplastic and seven 
homoplastic  transplantations  was  made.  Two  autoplastic  trans- 
plants  (Experiments 2  and  3)  and one homoplastic  (Experiment 9) 
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Experiment 2 (Dog 2).--Adult bulldog, male; weight 12 kilos. 
Sept.  18,  1918.  Placed under  ether anesthesia and  the  right  thyroid gland 
transplanted to the left side of the neck.  The segment of the right carotid artery, 
from which the superior thyroid artery arose, was implanted by end to end an- 
astomosis into the left carotid.  The peripheral end of the right internal jugular 
vein was anastomosed to the cardial end of the left external jugular vein.  The 
excised gla,  nd had been left in a  salt pack for a  short time.  After the removal 
of the clamps the pulsation of the superior thyroid artery was very evident and 
the circulation through the gland was reestablished so that it immediately became 
normal in color.  The extirpation of the gland and its complete transplantation 
occupied 1½ hours.  The wound was closed according  to the routine technique 
of the laboratory. 
Sept. 20.  The animal was in good condition and had a normal appetite. 
Oct. 9.  Second operation.  The weight of the animal at this time  was  13.1 
kilos.  The  transplanted  thyroid  appeared  perfectly normal.  The  intact  left 
thyroid was removed.  The animal recovered from the operation and never showed 
any signs of tetany. 
Oct. 29.  The animal died early in the morning (41  days after the first opera- 
tion and 20 days after the second). 
Autopsy.--Performed  shortly after death.  The wound had healed completely; 
the cause of death could not be found.  The transplanted thyroid was normal in 
size,  color, and  consistency and  appeared normal on  section.  The  capsule of 
the  gland  was  not  markedly  thickened.  The  implanted  blood  vessels  were 
patent.  The lines of union were covered with epithelium and so smooth that they 
were found with difficulty. 
Microscopic Examination.--The  transplanted  thyroid  showed  no  difference 
from the control gland.  The capsule of the gland was not increased in thickness. 
The follicles  were normal in size and about the same in both the centrM and periph- 
eral parts of  the gland;  they  were  lined  with  cuboidal  epithelium, and  filled 
with  a  normal amount  of colloid.  The  staining reaction was  normal;  mitoses 
were not present.  The interstitial connective tissues were not increased as com- 
pared with the control specimen.  Increase of blood vessels was not visible.  No 
leucocytic infiltration could be found (Figs. 1 and 2). 
Experiment 3 (Dog 3).--Adult collie, female; weight 21.3 kilos. 
Sept. 19, 1918.  Etherized and the left thyroid glarld transplanted to the right 
side of the  neck.  The  gland  was  small, as was also the internal jugular vein. 
The  left  thyroid  was  displaced  to  the right with  a  segment  of the  common 
carotid and  the internal jugular vein.  The  segment of the left carotid was in- 
serted into the right carotid.  The peripheral end of the left internal jugular vein 
was  implanted into  the wall of  the  right  external jugular by  a  terminolateral 
anastomosis.  The  operation  was  difficult owing  to the different sized vessels. 
Nevertheless, it was, on  the whole, satisfactory.  There was  no leakage at the 
llne of suture.  The  circulation was reestablished about 1 ~ hours after the extir- 
pation of the gland.  The wound was closed in the routine manner. 50  ORGAI7  TRA-i~SPLANTATION.  I 
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Oct. 9.  Second operation.  At this time the animal weighed 21.4 kilos.  The 
transplanted  thyroid  gland  appeared  normal.  The  intact  right  thyroid  was 
removed and fixed in formaldehyde. 
Nov. 20.  The animal died during the preceding night (62 days after the first 
operation and 42 days after the second). 
Autopsy.--Perforrned shortly  after  death.  The  wound  had  healed  by  first 
intention; there were slight adhesions at the site of operation.  The transplanted 
thyroid appeared entirely normal.  The blood vessels were patent,  and the site 
of anastomosis  was in  excellent  condition.  The  cause  of death  could  not  be 
determined. 
Microscopic Examination.--The  transplanted thyroid was  practically normal. 
The thickness of the capsule of the gland was normal.  No difference was seen 
in the size and form of the follicles,  in the colloid content, or in the quantity of 
interstitial  connective tissue,  in  comparison with  the  other gland of the  same 
dog.  Cuboidal  epithelium  lined  the  follicles  as  in  the  control  section.  The 
gland contained a  large number of  blood vessels.  Here and there  clumps of a 
few leucocytes were visible (Figs. 3 and 4). 
Experiment 9 (Dog 9).--Adult mongrel, male; weight 5 kilos. 
Sept.  25,  1918.  The  left  thyroid  of  another  dog  was  transplanted,  under 
ether anesthesia,  to the left side of the neck by the insertion  of  a  segment  of 
the common carotid into the carotid.  After the dissection and  removal of the 
left thyroid gland, about 3 cm. of the left common carotid were resected.  The 
peripheral  end  of  the  internal  jugular  vein  of  the  donor was  united  to the 
central  end of the  external jugular of the recipient.  The transplanted  thyroid 
was very large, as was also the internal jugular  vein.  The operation was easily 
performed.  After li hours the circulation through the gland was reestablished 
satisfactorily.  Closure of the wound was made as usual.  The animal recovered 
from the operation but developed distemper. 
Oct. 1.  The animal died during the night. 
Autopsy.--Death  due  to distemper.  Both  the  arterial  and the  venous  an- 
astomoses were in good condition; the caliber of the vessels  was well preserved. 
The transplanted  thyroid appeared normal in size,  color, and consistency.  On 
section it was normal in appearance except in the posterior border where the tissue 
was somewhat brown in color and was more gelatinous than the other part. 
Microscopic Examination.--The capsule of the gland was more or less thickened. 
The  interlobular  septum  also  appeared  to  be  thickened.  The  size of follicles 
and their colloid content were as well preserved as in the autografts.  The stain- 
ing  reaction  appeared  normal.  Few  follicles  contained  desquamated  cells  in 
their lumen.  Some of these cells were calcified.  There was a  small amount of 
leucocytic infiltration.  The vascularization of the gland was normal (Fig. 5). 
Eight  autoplasfic  and  seven  homoplastic  transplantations  of  the 
thyroid gland were performed.  In two of the eight autoplastic trans- 
plantations  the  gland  was  transplanted  to  the  splenic  vessels,  in  six x.  i~wAmmA  55 
to  the  neck.  The  first  two  cases  were  examined  by  exploratory 
laparotomy 21 and 28 days respectively after the first operation.  It 
was found that the glands had become necrotic because of thrombosis. 
It seems almost impossible to get successful results by anastolnosing 
such a small vessel as the superior thyroid artery to the splenic artery. 
Two  of  the  six  transplantations  to  the neck were  replaced  in  the 
same  wounds,  and  four were  made  to  the other side of the neck. 
One of these was examined 18 days after the operation and obstruction 
of the transplanted vein and necrosis of the gland were found.  One 
transplant was examined 49 days after the operation.  The gland had 
entirely  disappeared,  and  the  superior  thyroid  artery  and  the  in- 
ferior thyroid vein could not be found, though the pulsation of the 
common carotid  was  very  evident  throughout.  The  cause  of  the 
failure was due to infection of the wound.  In four instances  (1,  4, 
41, and 62 days after the operation), all blood  vessels were patent, 
and the gland appeared, both macroscopically and microscopically, to 
have preserved its normal structure. 
Seven of the homoplastic transplantations were examined in periods 
of 5, 6,  18, 24, 27, 29, and  63 days after the first operation.  In two 
the segments  of  the carotid remained free from thrombosis and were 
covered smoothly with  endothelium, although in five instances the 
transplanted vessels, in whole or in part,  were occluded.  The thy- 
roid gland showed evidences of remarkable change in proportion to 
the time elapsed.  6  days after the operation the gland retained its 
original size and, for the most part, was translucent, but in a part of 
the posterior border the tissue was beginning to soften.  Microscopic 
examination  showed  that  the  size  of  follicles  and  colloid  content 
were as well preserved as in the autograft.  In the gland which was 
examined 18 days after the transplantation, the consistency was mark- 
edly soft, the color of the section was pale red, and no hemorrhage had 
occurred at that time, notwithstanding the fact that the gland kept its 
original size and the carotid was still patent.  Microscopic examina- 
tion showed great degeneration of the gland.  After 24 days the micro- 
scopic change of the'gland increased, and it became gradually smaller. 
In one case, 63 days after the operation, no trace of the gland was to 
be  found.  In  brief,  our  attempts  at  homoplastic  transplantation 
were unsuccessful. 56  ORGAN  TRANSPLANTATION.  I 
DISCUSSION. 
Our results in thyroid transplantation by blood vessel sutures agree 
on  the  whole  with  the  experiences  of  Stich  and  Makkas,  Borst  and 
Enderlen,  and  Goodman.  In  the  autoplastic  transplantations  we 
succeeded,  as they  did,  in maintaining  the  glands  for a  long time in 
their  original  shape  and  structure,  and  apparently  in  function.  In 
the  series  of  homoplastic  transplantations,  on  the  contrary,  the 
transplant  remained  intact  for  a  time,  then  underwent  degenerative 
changes, and, consequently,  absorption. 
Hesselberg has published a paper concerning a comparison of autoplastic  and 
homoplastic transplantation  of thyroid tissue in guinea pigs.  She transplanted 
pieces of glands into the subcutaneous tissue of the abdominal wall and examined 
them at intervals of from 24 hours to 52  days.  In the first stage, comprising 
the first 4 to 5 days, there was no noticeable difference  between the autografts 
and the homografts.  Large parts of both grafts became necrotic in the center, 
but in the peripheral part only a narrow zone of thyroid tissue was left.  In the 
second stage, extending over the next  7 days, the differences  between the two 
grafts appeared.  There was an increase in the number of follicles in the auto- 
grafts and  a  corresponding  decrease  in  the  size  of the  necrotic  central  area. 
In the homografts a  large number of lymphocytes and connective tissue were 
visible.  From the  12th  day on,  in the third stage, the difference  between the 
grafts was  sharply defined.  In  the  autograft the  regeneration of the  thyroid 
tissue  was  steadily  progressing  and  nearly  completed  after  21  days.  In  the 
homograft, on the contrary, the destruction of the follicles progressed with great 
intensity. 
Loeb  (1918-19,  a, b)  recently designated the transplantation  into  nearly re- 
lated animals and to the nearly related of the same species  as "syngenesioplas- 
tic"  transplantation.  He carried out transplantation of thyroid from mother to 
children,  from sister and brother to sister or brother, and in one instance from 
child  to mother in guinea pigs.  The  results  were intermediate between those 
which  Hesselberg obtained after autotransplantation and homotransplantation. 
In  most instances the thyroid  behaved,  for  a  time,  like  an  autotransplanted 
tissue,  but  gradually  an  intensive  lymphocytic  infiltration  took  place  with 
secondary  destruction  of the  healthy acini.  In a smaller number of cases  the 
fibrous tissue also was increased,  the fibroblasts behaving like those in cases of 
homoplastic transplantation. 
In  one  of  our  cases  of  homoplastic  transplantation  also  (Experi- 
ment  9)  the  gland  showed  indications  of  degeneration  on  the  6th 
day after the operation, in spite of the fact that the transplanted blood X.  KAW~MXmA  57 
vessels were patent.  The destruction of the gland increased in  the 
process of time. 
Homoplastic transplantation, however, can be successfully made in 
certain kinds of tissue.  At the instant the animal dies the tissues, in 
general, do not lose their vitality in spite of the arrest of the circula- 
tion.  On  the other hand, individual tissues  have a  different power 
in  regard  to  regeneration  and  repair.  Some  tissues,  such  as  skin, 
fascia,  periosteum,  and  bone,  which survive  for  a  long  time  under 
the interruption of the circulation, can regenerate and repair easily. 
Such tissues,  as is  well known,  can be transplanted homoplastically 
with success although the ultimate fate of the transplant is not fully 
known. 
As has been noted, the opinions of authors differ with regard to the 
fate of the more highly organized  tissues, such as the thyroid gland. 
Cristiani  has  shown  that  transplanted  and  functionafing  thyroid 
may be kept in good cond'ition in its new location for a  long time, 
provided  the operation is  performed with  certain precautions.  For 
the successful transplantation, he emphasized that the pieces of gland 
transplanted  must be small and numerous,  that thyroid tissue from 
the same species only will grow, and that living tissue may be trans- 
planted, provided that not more than 10 seconds elapse between the 
extirpation  of  the tissue  and its  transplantation.  Cristiani applied 
also,  clinically,  the  results  of  his  experimental work,  and from his 
experience on  patients  arrived'at  the following conclusions.  With 
his method of thyroid grafting it is possible to  produce new thyroid 
organs  which  not  only  retain  their  vitality  and  funcfionate,  but 
gradually  grow  so  that  small  grafts  in  time  become  new thyroid 
glands (glandulce neothyreoidece) of different sizes. 
Payr  (1906) transplanted  thyroid gland into  the spleen of animals, believing 
that spleen is suitable soil for healing because of its vascular nature.  Of 48 experi- 
ments of autoplastic transplantation, mostly on cats and dogs, he obtained eight 
promising results.  The longest duration of the observation was 271 days.  He 
had likewise  made the transplantation of the thyroid gland clinically.  A few years 
ago he reported seven cases of thyroid  transplantation  for myxedematous pa- 
tients;  they showed marked improvement, but most of them relapsed from 3 to 
8  years  after  the  operation.  He  remarked  that  organic cerebral defects of 
patients cannot be improved by thyroid grafting. 58  ORGAN" TRANSPLANTATION.  I 
Kocher reports several favorable cases of transplantation of pieces of thyroid 
in patients,  using the bone marrow as new soil.  He prefers the tibial metaph- 
ysis  to  the spleen  on  account of  the greater ease and safety of  the  operation 
and the equally vascular soil; hemostasis  is secured by operating in two stages. 
With regard to the tissue for transplantation pieces from exophthalmic goiter are 
especially  desirable,  because  the glands  are remarkably vascular with compara- 
tively firm structure, and because their proper parenchyma surpasses considerably 
the supporting substance.  He stated that there are no  grounds  for the  belief, 
based  on  animal  experiment,  that  homoplastic  transplantation  cannot  also 
succeed in man. 
There are some reports of conflicting opinions with reference to these favorable 
results.  Bircher implanted pieces  of  thyroid into  the  subcutaneous  tissue  of 
the occipital region  in  three cretins.  After short  improvement there was  re- 
lapse into the former state.  On histologic examination of the grafts he found that 
no normal thyroid tissue  was  left, but  necrosis  and connective tissue  had re- 
placed the whole.  His observations made him skeptical as to the permanent 
function of homoplastic implanted thyroid.  Leichner and KShler were of the 
same opinion as Bircher.  Stieda reported three cases in which the grafting was 
done on myxedematous children who were more or less idiotic.  After operation 
they showed signs of remarkable, rapid improvement, which shortly came to a 
standstill.  Schaack  and Mtiller  repeatedly transplanted thyroid tissue  into the 
bone marrow or into the subcutaneous tissue,  with no permanent improvement. 
The thyroid grafts which  Worobjew  and  Perimow made on a  myxedematous 
patient  healed,  but  subsequently became  smaller  and  were  totally absorbed. 
Von Eiselsberg  (1914) also,  from his experience with patients, expressed doubt 
that successful results could be obtained. 
Thus,  while some  observers  admit  the feasibility of thyroid graft- 
ing, others deny it.  The negative results of our experiments do not 
warrant denial of the positive results of Cristiani, Payr, Kocher, etc., 
but,  as  Bircher has  already noted,  we  should  not  lightly pass  over 
the possibility that implanted pieces of tissue will have an influence 
as long as  the  colloid, exists,  that its  absorption occurs very slowly, 
and  finally,  that  the  moment  the  colloid  is  absorbed  its  influence 
stops.  Furthermore,  although  many  successful  cases  of  piecemeal 
homoplastic transplantation on patients have been reported, they are 
not always without objection, because one important factor is wanting 
in all; namely, the subsequent  removal and microscopic examination 
of the  tissue.  In  short,  for permanent good results we must  expect 
to work further in this direction.  Several points  must be considered 
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injuring the  tissue,  and  a  sufficient blood  supply.  In  this  connec- 
tion  the  transplantation  with  intact  blood  supply  is  the  better 
method.  (2)  In  the organ  transplantation,  especially by means of 
blood vessel sutures,  aseptic precaution must be observed as rigidly 
as  possible.  If  not,  the  occlusion  of  the  transplanted  vessels  or 
necrosis of the organ may easily occur.  Concerning asepsis in opera- 
tions on blood vessels Carrel (1907)  states: "It seems that the degree 
of asepsis under which general surgical operations can successfully be 
performed may be insufficient for good results in vascular operations." 
In  our first case of autoplastic transplantation  the resuIts immedi- 
ately after the operation Were satisfactory, but the lower part  of the 
wound  was,  unfortunately,  slightly  infected.  At  the  exploratory 
opening of the neck, 49 days after the operation, we found that the 
transplanted  common  carotid  was  patent,  but  that  the  gland  had 
entirely disappeared, due to infection. 
Besides,  the rapid  work, keeping  the gland warm,  the  avoidance 
of dryness, rough handling, chemical irritation, close contact with the 
new soil,  and strict  arrest of hemorrhage, are  all  apparently neces- 
sary conditions for a  good transplantation.  If these precautions are 
used  the  autoplastic  transplantation  is  almost  always  successful. 
But we failed, as did the others, in the homoplastic transplantation, 
notwithstanding  the  fact  that  we  used similar  care.  The  factors 
that may have been responsible for the failure are briefly the following. 
It is well known that nerves have some control over the nutrition 
and function of tissues.  Raynaud's disease, for example, is supposed 
to be due to spasm of the arterioles, resulting from peripheral neu- 
ritis.  If a  nerve  trunk  is  injured  severely and  the peripheral  end 
undergoes degeneration, several phenomena may occur,  due  to the 
loss of the trophic function of the nerve, such as dryness of the skin, 
trophic ulcers, fragility of the nails and hair, arthropathies, etc.  It 
seems to be reasonable, therefore, to suppose that tl~e failure of the 
graft  can  be  attributed  to  the  section  of  the  nerves  which  reach 
the organ. 
Crowe and Wislocki in  experimental work on suprarenal glands in dogs at- 
tributed  degenerative changes of the graft to the lack of nerve  supply to it. 
We do not, however, fully concur with their opinion.  Salzer  and others also 
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Marine,  in  considering the  question  of  whether  or  not  secretory  nerves  were 
necessary  to  the  gland,  experimented  on  rabbits.  They  have  demonstrated 
that  such  nerve  fibers  are  not  essential  in  order  that  thyroid  tissue  may 
exhibit  the  characteristic  morphologic  and  physiologic  changes known  to  be 
associated  with  great variations  in  functional  activity.  Other  authors  have 
also found that thyroid tissue may be readily transplanted in widely distant parts 
of the body.  In our experiments on autoplastic transplantation we obtained good 
results in spite of complete dissection and removal of thyroids from  their sur- 
rounding tissues.  We cannot therefore consider that the failure of homoplastic 
transplantation of the thyroid is due to the section of its nerves. 
Murphy tried to prove that  a  homoplastic or heteroplastic graft  cannot  de- 
velop indefinitely on  its host.  lie discovered that  the power of the organism 
to eliminate foreign tissue is due to organs such  as  the  spleen or bone marrow, 
and  that  when  these  organs  are less active  (by removal of the spleen or the 
injection of benzol) a foreign tissue (tumor) can develop rapidly after it has been 
grafted.  The grafts became absorbed from 12 to 15 days after the transplantation. 
Hesselberg and Loeb attached a  peculiar significance to lymphocytic reaction 
and to proliferation of connective tissue.  They believe that the destruction of 
the thyroid tissue which occurs after the homografting is not caused by a  direct 
primary disintegration or the solution of follicles, due to the action of substances 
circulating in  the  body fluids, but  depends on  the  destructive activity of the 
lymphocytes, and of the connective tissue of the host.  The former invade the 
follicles and destroy them directly; the latter surrounds and compresses, and thus 
destroys the follicles.  Why do the lymphocytes and  the connective tissues at- 
tack the homografts only, and not the autografts?  It is well known that lympho- 
cytes and  connective  tissue  appear usually as  the  response  to  the  reaction of 
foreign bodies.  They  may  be  commonly  discovered around  suture  materials, 
such  as  silk and  linen  thread,  etc.,  that  have  been  used  at  operations.  It  is 
reasonable, therefore, to assume that homografts which do not take may act as 
foreign bodies. 
The  obstacle  to  success  in  homoplastic transplantation  lies probably in the 
differences of  biochemical factors  between  the  animals.  As  Ullman expresses 
it,  the  cell protoplasm,  specific for  each  organism, varies with  the  individual; 
there are as many protop}asms as there are individuals; in homoplastic transplan- 
tation the appearance in the body of a  foreign protoplasm calls forth  ferments 
into the circulation which destroy the transplanted tissue. 
Stich enumerated the following factors as the cause of the destruction of the 
grafts: primary toxic action of the tissue fluid on transplanted organs; produc- 
tion of an antibody in the organism of the host through foreign albumin; and 
finally,  starvation  of  the  transplanted  tissue,  owing  to  the  incapacity of  the 
assimilation of materials that are necessary for its growth. 
We are still ignorant of the means of eliminating these  factors.  Lexer  (1914) 
showed that he had succeeded in overcoming some of the biochemical reactions 
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and  blood  serum taken  from the donor.  He considered that the possibility of 
the  improvement of  homoplastic  surgery  was  most  hopeful  along this  path. 
SchSne believes that positive results  may be  obtained in animals through  the 
same  nourishment  and  the same mode  of  living  for  a  long  period  of  time. 
Sauerbruch  and  Heyde  demonstrated that direct  communication of blood ves- 
sels was proved between parabiotic rabbits, and that substances which are soluble 
in  blood,  iodine,  strychnine, etc.,  and even bacteria, go from one animal to the 
other through newly formed vascular channels.  The question of whether or not 
products  of metabolism of one  animal are  pernicious  to another has not been 
solved.  Enderlen  and  his  collaborators aimed  to make the  biochemical differ- 
ences  equal  by direct  blood vessel anastomosis in  dogs,  but they  could  not 
attain  their  object.  In short, it  seems to be most important  to  discover  the 
method of  equalizing  as nearly as possible  biological  differences  between  donor 
and recipient. 
CONCLUSION. 
Our experiments on dogs showed  that  the thyroid gland which was 
autoplastically  transplanted,  by means  of various  methods  of blood 
vessel anastomosis,  could live in good condition  and funcfionate fav- 
orably several months after the operation, even after the interruption 
of the circulation for 1½ hours.  They further showed that  the  circu- 
lation  through  the  transplanted  blood  vessels  as  well  as  glands  was 
as good as normal, and that permanent  successful results of the homo- 
plastic transplantation  of the gland are as yet not possible. 
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EXPLANATION OF PLATES. 
PLATE 4. 
FIG. 1.  Photomicrograph  of intact left thyroid of Dog 2.  ×  70. 
FIG. 2.  Photomicrograph  of transplanted right thyroid of Dog 2 (autotrans- 
plant).  Compare with the con.trol in Fig. 1.  X 70. 
PLATE 5. 
FIG. 3.  Photomicrograph  of intact right thyroid of Dog 3.  ×  70. 
FIG. 4.  Photomicrograph  of transplanted left thyroid of Dog 3  (autotrans- 
plant).  Compare with the control in Fig. 3.  X 70. 
PLA~ 6. 
FIG. 5. Photomicrograph  of transplanted thyroid of Dog 9 (homotransplant). 
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